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I.       INTRODUCTION  
 
              Higher Order Thinking Skills (HOTS) is a thinking skill that occurs when an 
individual is facing a remarkable, uncertainty, question or dilemma (Goodson, Rohani, & 
King, 1998). HOTS enable students to better understand what they have learned (Heong 
et.al, 2011) and prepare themselves to undergo changes in the 21st century (Geersten, 2003 
& Kenney, 2013). According to Zoller (2001) HOTS in the context of chemical education 
refers to the questioning, problem solving, decision making and critical thinking.  HOTS 
especially problem solving primarily provide individual to meet the challenges in the world 
of work and everyday life to have enough skills to operate effectively in society and the 
workplace (Cooper, 2006; Ramos, Dolipas & Villamor, 2013). 
 
 
 
II.    PROBLEM SOLVING AND ITS IMPORTANCE  
 
           
           Hayer (1981) states that if you're having a problem if there are a gap between the 
present you with what you want to accomplish, and you do not know how to bridge the gap. 
According to Mayer (2003), the problem occurs when in any case, the goal to be achieved, 
but there is no routine method for achieving these goals. Each individual cannot escape from 
the problem, as it occurs in various aspects of life (Reid & Yang, 2002; Overton & Potter, 
2007). Each of the problems must to be solved, especially problems that occur in learning, 
because the failure to solve the problem would be reduced motivation (Sarbiyik, et.al, 2004) 
and the students will less interested in pursuing education as a result of the lack of problem 
solving skills (Teichert & Stacy, 2002; Bodner, 2003).  
 
 
             Problem solving is also very effective in improving student achievement in 
education (Aka, Guven & Aydogdu, 2010; Gok, 2010) because when they managed to solve 
the problem, their motivation will increase and eventually they will be eager to learn (Hamza 
& Griffith, 2006). Problem solving also indirectly enhance the skills to argue, social skills 
and decision-making (Kim & Tan, 2013). This is because when solving problems, students 
learn how to exchange ideas and integrate the nature and level of knowledge and 
communication in an effort to find a solution.  Mustafa (2008) states that problem-solving 
skills also allow individuals adapt to the environment, making the person more flexible and 
able to control what happens around him. In terms of education, particularly science 
education, providing students with problem-solving skills, will help them improve scientific 
thinking (Aka et.al, 2010). It is also very helpful in the development of science process skills 
in which are very important in solving daily problems (Aktamis & Ergin, 2008). 
 
 
 Other than that, problem solving is a method of student-centred, active learning and 
knowledge development (Aka et.al, 2010) and more recently it was used as the primary 
domain of large-scale assessment systems around the world such as PISA (Greiff et.al, 
2013).  Osman (2010) also noted that the key in determining the competency of a person at 
the moment are based on their level of problem solving.  Because of that an effort to increase 
the level of problem solving in students need to be addressed in order to help countries create 
communities that are able to compete with the global world.  
 
 
 According to Johnstone (1993) there are three types of problems that is algorithm, 
conceptual and open-ended.  Algorithm are problems involving low-level thinking skills and 
more to the form of exercise (Zoller & Pushkin, 2007) .While conceptual problem usually 
involve non routine chemical phenomenon among students and students should use the 
concepts that have learned to solve Johari Surif et al., 2014). The open ended problem 
requires the application of high level thinking skills, not just knowledge consumption. 
(Overton et.al, 2013).  
 
 
  Gotwals and Songer (2013) states teaching and learning that is able to produce 
students with a scientific attitude should be to foster something more than just rote learning 
and normal or, more accurately it should be applied with more open ended and high level 
questions (Zoller & Pushkin, 2007 ) . The ability to solve open ended problem has also been 
shown to increase the confidence of students to solve real life (Overton & Potter, 2007; 
Mourtos, 2010). This is because the real life problem is usually very open and lack of 
information (Douglas et al., 2012). Besides, the use of the open ended problem can enhance 
creative and analytical thinking (Scottish Qualification Authority (SQA), 2010). On the other 
hand, the use of open ended problem are also able to avoid the bias that may arise from the 
proposed solution is given and hence it can enhance the discussion of a topic (Johari Surif, 
et. al., 2014)  
 
 
 Based on previous studies, most of the problems that are used in chemical education 
in particular are in algorithm (Bennett, 2008; Overton & Potter, 2007; Pappa & Tsaparlis, 
2011, Reid & Yang, 2002). The learning are also more emphasis on the facts, vocabulary, 
definitions, and algorithms (Aksela, 2005). In Malaysia, application of open problems in the 
teaching and learning is still rare and less emphasized (Johari Surif et al., 2014) .This is not a 
good thing because the problem or question of low and medium level do not help develop 
problem-solving skills in real life (Mourtos, 2010). Even though the goals of chemistry 
curriculum are indirectly help students to develop problem-solving skills (Tsarparlis, 2005; 
Taasoobshirazi & Glyn, 2009), but if this continues, it will produce the students that can only 
solve the low level of problem.  
 
 
 To compete globally and career needs to come, of course students should be able to 
solve the high level problem (Overton & Potter, 2007). The fact is that students are still not 
able to solve an open ended and high level problem (Zohar & Dori, 2003) .Therefore, there is 
a need to improve problem-solving skills, especially those involving HOTS among students 
(Alhusaini & Maker, 2011; Altuncekic et.al., 2005; Zoller & Pushkin, 2007) .In order to 
improve problem-solving skills on higher level, we certainly need to know the difficulties 
faced by students and then find a way out to overcome these difficulties. 
 
 
 
III. STUDENT DIFFICULTIES IN SOLVING OPEN ENDED PROBLEM 
 
            Mourtos (2010) found that students failed to use information from previous learning 
and not be able to apply these principles in a new context. There is also students do not want 
to allocate enough time for each problem. This thing leads failure to managing time 
effectively. The students also do not want to write or sketch ideas during the process of 
  
solving the problem, and this is one of the reasons students fail to solve open ended problem.  
 
 
 Douglas et al. (2012) found that the difficulties face by students is failed to see the 
problem as a whole. They could not get into a problem or in other words, they only look at 
one task to the extreme and less focus on other tasks. Lack of confidence in own ability to 
solve open ended problem also become a constraint. When they failed in making the right 
choice of materials, they stopped there and did not see others aspect. There is also a students 
who use the concept of irrelevant and does not assess the suitability of the selected concept, 
they just write what they know related to the question.  
 
 
 Several other difficulties faced by the students are their failure to identify the 
problem in detail (Overton et.al, 2013). This is more geared to a less rigorous attitude and 
lack of knowledge about the problem. There are also students who use approach that does 
not help to solve the problem or in other words they did not use a scientific approach when 
solving problems. What's more concerns are those that solve open ended problem but using 
algorithmic approach (Overton et.al, 2013). This is not surprising because the students 
experience in solving the algorithm structured problem (Bennett, 2008; Overton et.al, 2013; 
Pappa & Tsaparlis, 2011).  Reid & Yang (2002) states that students are not able to make a 
planning that can help identify a logical step for a solution. They also do not use the 
information solely and also do not try to find material from another source that make them 
unable to manage the available information to find solutions for the problems studied (Johari 
Surif et al., 2014).  
 
 
 It can be concluded that the students ' difficulties in solving open- ended problems 
can be divided into two parts , cognitive and affective aspects of the difficulties. The students 
who find difficulty in cognitive is failed to use the principles they have learned to use the 
settlement , unable to extract the information in the limited data , and failed to use the right 
concept and the approach is not suitable in solving open- ended problems . In affective 
aspects, students are not able to manage time well, often in despair because of the lack of 
knowledge and do not make a plan so that they can get the appropriate steps to solve the 
problem. It can be said that all these difficulties occurred because of lack of chances to solve 
open ended problem and the students did not know the appropriate method in solving open 
ended problem. Thus, an effort to help overcome these difficulties need to be done. Clearly, 
the difficulties of students to solve problems in an open ended and HOTS need to be 
corrected as soon as possible so that they can be shifted from low level solver to the higher 
(Overton et.al, 2013). 
 
 
IV. THE NEEDS OF SCIENTIFIC CREATIVITY IN PROBLEM SOLVING 
 
 
            According to Hu & Adey (2002) in solving a problem, the students have to be 
creative with imagination of the ways of solutions, and build coalitions of knowledge or 
technique to get this solution and thus improve their problem solving skills (Pekmez et.al, 
2009).  Khairul (2011) stated that creativity is becoming a necessity because of the creativity 
helps individuals to analyze the various possibilities, creating a strong problem solving, 
constructive and effective. But the question is what is meant by creativity, how it is viewed 
from science viewpoint?  
 
 
 Torrance (1988), defines creativity as a process of formulating, reviewing, evaluating 
hypotheses in an effort to solve a problem is not known. But according to Lin et al. (2003) 
general creativity should be separated from the creativity from a scientific viewpoint. This is 
supported by Liang (2002), which states that "a person who is creative in chemistry is not 
necessarily creative in the arts". This means that the creative person in life not necessarily 
creative in terms of science. Creativity in science education or accuracy of the so-called 
scientific creativity is a stand-alone field (Mukhopadhyay, 2013). Hu & Adey (2002) defines 
scientific creativity as intellectual abilities to produce certain products are original and have 
the personal or social, is designed with a specific purpose in mind using the information 
provided.  
 
 
 Hu & Adey (2002) also describe the first structure of scientific creativity is different 
from the creativity of others because it involves the creative science experiment, involving 
science-based problems. Second, scientific creativity is one involving intellectual abilities. 
Third, scientific creativity is based on scientific knowledge and science process skills. 
Fourth, creativity and analytical intelligence are two different factors that come from the 
mental.  Based on the statement, it can be concluded that scientific creativity is a kind of 
creativity that measured scientifically, involves data and science-related issues.  
 
 
 Overton et.al, (2013) categorize the types of problem solvers based on the approach 
used to solve the problem. Categories of problem solvers are expert, non-expert and 
transitional. Expert problem solvers referring to students who use scientific approach in 
which the properties are to understand the problem, logic, making the estimates, and be able 
to manage the situation even though the data is reduced. The second is a non-expert problem 
solver, refers to a student who is not use a scientific approach. Problem solvers in this 
category cannot understand what the problem is, cannot adapt to the problem because of lack 
of data and lack of knowledge related to a given problem. They also not evaluate the selected 
solution. They also prefer to find a solution in form of algorithm. The third category is 
transitional problem solvers.  Transitional problem solver refers to solver who uses both a 
scientific and non-scientific approach.  Sometimes they use scientific approach, but on the 
other part they use non-scientific approach. They usually evaluate a solution, but at the same 
time using an algorithm approach. Problem solvers in this category are called transitional 
because they are in transition phase from non-expert to expert problem solvers.  
 
 
 Based on the above explanation and detail can be concluded to be good problem 
solvers, students must use a scientific approach (Cartrette & Bordner, 2010; Overton et.al, 
2013).  Here, the role of scientific creativity is needed.  When the student creative 
scientifically, then the idea that issued is based on science and not just by logic or other 
views that may not correspond to a given problem situation and this will lead to more 
relevant solution (Overton et.al, 2013). 
 
 
 
V. SUGGESTION OF FURTHER WORK 
 
 
 Apart from promoting the use of open- ended problem in the classroom, some of 
the learning strategies that are appropriate and can help to improve problem-solving skills 
and scientific creativity will be examined.  Learning activities based on the selected learning 
strategies will be develop and the impact of this activity will then be evaluated on students' 
performance, the level of problem solving and the level of scientific creativity of students. 
Next, research will be study on how the learning activities promote the development of 
scientific creativity and problem solving. The process of construction of scientific creativity 
and problem solving occurs also will be examined. All of these findings will be used to 
develop a framework that can be used as a reference to help teachers and students improve 
problem-solving skills as well as scientific creativity.  
  
 
             Even though there is already a framework related to problem solving and framework 
that linking problem solving and creativity, but there is no such a model that specifically 
linking on open -ended problem solving and scientific creativity. Therefore, a flexible 
structure of the framework that can be used to improve the quality of problem solving and 
indirectly enhancing scientific creativity will be further explored. It will be such an effort to 
increase the level of problem solving among students in order to help countries create 
communities that are able to operate effectively in society and compete with the global 
world. 
 
 
CONCLUSION 
 
 In order to help improve problem-solving skills, teachers have to develop problem 
solving culture in classroom.  Students must be in a student-centered learning environment in 
which they are involved actively in the learning process, but should also be given counseling 
if they have difficulty in solving a problem. Teachers should always be willing to take risks 
to change strategy (Hamza & Griffith, 2006) and not just tied to a learning strategy in order 
to increase problem solving skills (Zoller et al., 2007). Through this study is expected to help 
provide a framework that can be used to improve problem solving skills as well as scientific 
creativity among students so that they can participate effectively in society and work 
environment (Cooper, 2006; Ramos, Dolipas & Villamor, 2013).   
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